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ABSTRACT
Endometrial cancer is a complex disease influenced by both somatic and germline mutations. While individual mu-
tations in genes such as PTEN, PIK3CA, and members of  the DNA mismatch repair (MMR) system have been exten-
sively studied, comprehensive analyses comparing somatic and germline mutations within the same cohort are limit-
ed. This study compares these mutations using whole exome sequencing (WES) data from tumor and blood samples 
in patients with endometrial cancer. Thirteen female patients with histologically confirmed endometrial cancer were 
selected. Tumor tissues and matched blood samples were collected and subjected to WES at the CeGaT laboratory, 
followed by bioinformatics analysis and annotation using the Geneyx platform. WES revealed significant somatic and 
germline DNA mutations, with key pathogenic variants identified in genes such as PTEN, PIK3CA, TP53, MLH1, 
and MSH2. Comparative analysis showed distinct and overlapping mutation profiles, highlighting the importance of  
integrating somatic and germline data in endometrial cancer research.
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INTRODUCTION

Endometrial cancer is the most common gynecological malig-
nancy in developed countries, with an estimated 65,620 new cas-
es and 12,590 deaths in the United States in 2020 alone [1]. The 
incidence of  endometrial cancer has been rising, partly due to 
the increased prevalence of  risk factors such as obesity, hyperten-
sion, and diabetes [2]. While the majority of  cases are diagnosed 
at an early stage and have a favorable prognosis, a significant 

proportion presents with advanced disease, which is associated 
with poor outcomes [3,4].

Genetic factors play a crucial role in the development of  endo-
metrial cancer [5,6]. These factors can be broadly categorized into 
germline and somatic mutations. Germline mutations are inherit-
ed and present in every cell of  the body, whereas somatic mutations 
are acquired and confined to the tumor cells [7,8]. Distinguishing 
between these two types of  mutations is essential for understanding 
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the genetic basis of  endometrial cancer and developing targeted 
therapies and personalized treatment plans [9].

Recent advances in genomic technologies have facilitated the 
identification of  numerous somatic and germline mutations associ-
ated with endometrial cancer. Somatic mutations commonly found 
in endometrial cancer include phosphatase and tensin homolog 
PTEN, PIK3CA, ARID1A, and TP53 alterations. These mutations 
play critical roles in tumorigenesis, affecting key pathways such as 
the PI3K/AKT and p53 signaling pathways [10-12].

On the germline front, mutations in mismatch repair (MMR) 
genes, such as MLH1, MSH2, MSH6, and PMS2, are well-es-
tablished causes of  Lynch syndrome, significantly increasing the 
risk of  endometrial cancer. Women with Lynch syndrome have a 
lifetime risk of  endometrial cancer that ranges from 40% to 60% 
[13]. Also, germline mutations in genes like BRCA1, BRCA2, and 
PTEN (associated with Cowden syndrome) contribute to heredi-
tary endometrial cancer risk [14].

Whole exome sequencing (WES) has emerged as a powerful tool 
for identifying genetic mutations. By sequencing the protein-cod-
ing regions of  the genome, WES can uncover both common and 
rare mutations, providing a comprehensive view of  the genetic 
alterations involved in cancer [15]. This technology has been in-
strumental in identifying novel cancer-related genes and under-
standing the complex genetic landscape of  various malignancies, 
including endometrial cancer [16].

Despite the advancements in identifying somatic and germline 
mutations separately, there is a notable lack of  comprehensive 
studies that compare these mutations within the same cohort of  
patients with endometrial cancer. Most studies focus on either so-
matic or germline mutations, which limits our understanding of  
how these genetic alterations interact and contribute to cancer 
development and progression. A detailed comparison of  somatic 
and germline mutations within the same patients would provide 
valuable insights into the genetic etiology of  endometrial cancer 
and help identify potential targets for therapy. This study aims to 
identify and compare somatic and germline mutations in endome-
trial cancer using whole exome sequencing data from both tumor 
and blood samples. By analyzing WES data from 13 patients with 
endometrial cancer, this study aims to elucidate the genetic differ-
ences and interactions between somatic and germline mutations, 
thereby advancing our understanding of  the genetic basis of  en-
dometrial cancer and informing the development of  personalized 
treatment strategies.

MATERIAL AND METHODS

Patient selection   

Thirteen female patients with histologically confirmed endome-
trial cancer were selected for this study. The inclusion criteria 
were as follows:

1. Patients must have a confirmed diagnosis of  endometrial 
cancer based on histopathological examination.

2. Patients should not have received any prior treatment 
(surgery, chemotherapy, or radiation) for their endome-
trial cancer to ensure that the genetic analysis reflects the 
untreated tumor profile.

3. Patients with a strong family history of  Lynch syn-
drome-associated cancers (e.g., colorectal, ovarian, gas-
tric) were prioritized to enrich the study population with 
potential germline mutations.

4. Patients consented to participate in genetic studies and 
the use of  their samples for research purposes.

Exclusion criteria
1. Previous cancer treatments: patients who have had che-

motherapy, radiotherapy, or systemic cancer treatment 
before sample collection to avoid additional genetic mu-
tations.

2. Metastatic disease: patients with metastatic endometrial 
cancer at diagnosis, as it can alter the primary tumor's 
genetic profile.

3. Inadequate sample quality: patients whose tumor or 
blood samples do not meet DNA integrity and purity 
standards.

4. Incomplete clinical data: lacking comprehensive clinical 
data, including family history and treatment records.

Ethical approval and approval details 

The study protocol was approved by the Institutional Review 
Board (IRB) of  the Alessandrescu-Rusescu National Institute of  
Mother and Child Health, Bucharest, Romania, ensuring com-
pliance with ethical standards for human research. All patients 
provided written informed consent before participating in the 
study, including consent for genetic testing and publication of  an-
onymized data. The study was conducted in accordance with the 
Declaration of  Helsinki and Good Clinical Practice guidelines. 

Sample collection

Blood and tumor tissue collection  

Peripheral blood samples (5 ml) were collected from each patient 
using EDTA tubes to prevent coagulation. Tumor tissue samples 
were obtained through biopsy or surgical resection, ensuring 
samples were collected under sterile conditions to prevent con-
tamination. All samples were immediately stored at 4°C until 
DNA extraction. 

Whole exome sequencing (WES)

DNA extraction process  

Thin sections of  formalin-fixed, paraffin-embedded (FFPE) 
tumor tissues and matched blood samples were collected and 
shipped to CeGaT GmbH in Tübingen, Germany. The DNA 
extraction from FFPE tissues was performed using the MagMax 
FFPE DNA/RNA Ultra (Thermo Fisher). The DNA extraction 
from blood on EDTA was performed using the QIA Symphony 
DSP DNA Mini Kit 96, Version 1 (Qiagen), following the man-
ufacturer's protocol. The extracted DNA was quantified using a 
fluorescence-based quantification method. All samples passed 
quality control and proceeded to library preparation, where 50 
ng of  DNA was used for each sample. The libraries were pre-
pared using the CeGaT Exome V5 kit from Twist Bioscience. 

WES protocol 

Sequencing was conducted on the Illumina NovaSeq 6000 plat-
form with paired-end reads of  101 base pairs each, resulting in 
high-quality data with a Q30 value exceeding 89.78%. To ensure 
the accuracy of  base calling, particularly at the ends of  the reads, 
an additional base was sequenced in both reads 1 and 2, leading 
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RESULTS

Patient demographics and clinical data   

The study cohort comprised 13 female patients with histological-
ly confirmed endometrial cancer. The median age at diagnosis 
was 57 years, ranging from 47 to 75 years. All patients were of  
European descent, with diverse backgrounds representing differ-
ent regions.

All of  the patients presented with endometrioid carcinoma, the 
most common histological subtype of  endometrial cancer.

Overview of germline and somatic variants 

The whole exome sequencing analysis of  the 13 patients revealed 
a total of  731 variants (329 germline variants and 402 somatic 
variants) across the cohort. Germline variants were identified in 
all patients, with a median of  24 variants per patient (IQR: 18-
42). These included known pathogenic variants as well as variants 
of  uncertain significance. Somatic variants were more numerous, 
with a median of  31 variants per patient (IQR: 17-43), reflecting 
the genomic instability characteristic of  tumor cells.

Most germline variants were found in genes associated with 
DNA repair mechanisms, such as MLH1, MSH2, MSH6, PMS2, 
and BRCA1/2 (Figure 1). 

In contrast, somatic samples included more variants in genes 
involved in cell cycle regulation, signal transduction pathways, 
and chromatin remodeling, including TP53, PTEN, PIK3CA, 
ARID1A, and KRAS (Figure 2).

Table 1 summarizes the 20 most frequent germline variants 
in patients with endometrial cancer. The table includes the gene 
in which each variant is located, the specific variant (HGVSC), 
the number of  patients exhibiting the variant, and the frequency 
percentage of  each variant within the patient population. The 
variants are ordered by frequency, with the highest frequency 
variants listed first.

Table 2 presents the 20 most frequent somatic variants identi-
fied in patients with endometrial cancer. The table lists the gene 
in which the variant is present, the specific variant (HGVSC), the 
number of  patients carrying the variant, and the frequency per-
centage of  each variant within the patient cohort. Variants are 
sorted in descending order of  frequency, highlighting the most 
prevalent mutations in this population.

Comparison of the number and types of variants found in 
germline vs. somatic samples  

In this study, we analyzed germline variants of  uncertain signifi-
cance in patients with endometrial cancer to elucidate potential 
genetic contributors to this malignancy. The top 20 variants were 
identified based on frequency across the patient cohort. Notably, 
the BRCA1 gene emerged as the most frequently mutated gene 
in this category, with 68 instances of  the c.4987-196dup variant, 
accounting for 69.23% of  the patient population. This was fol-
lowed closely by mutations in MSH2 and TP53 found in 67 and 
44 patients, respectively.

Among other findings, the MLH1 c.1321G>A (p.Ala441Thr) 
variant was found in one patient and is probable to impair the 
ATPase activity of  MLH1, which is crucial for its role in mis-
match repair. The MSH2 c.1077-10T>C variant, with a CADD 
Phred score of  22.4, was detected in a patient and is predicted to 
cause aberrant splicing, leading to a loss of  function. Addition-

to a configuration of  2 x 101 bp rather than the standard 2 x 100 
bp. This approach was adopted to enhance the overall quality 
score calculation for the final base in each read, thus ensuring the 
reliability of  the sequencing data for subsequent analysis. Demul-
tiplexing of  the sequencing reads was performed using Illumina's 
bcl2fastq software (version 2.20). In cases where more sequencing 
output was generated than initially requested, the reads for those 
samples were downsampled to ensure that the output remained 
at least 20% above the ordered quantity. Adapter sequences were 
trimmed using Skewer (version 0.2.2). Subsequent quality control 
of  the FASTQ files was conducted on Illumina’s DRAGEN Bio-
IT Platform (version 4.2.4). The quality of  the sequencing data 
was rigorously assessed using FastQC, which provided detailed 
metrics on read quality, GC content, and sequence duplication 
levels.

Bioinformatics analysis 

Whole exome sequencing data as raw FASTQ files were processed 
using the Geneyx Analysis platform (Geneyx Genomex), version 
5.17, integrated with the DRAGEN (Dynamic Read Analysis for 
GENomics) pipeline (Illumina), version 3.7.5. The FASTQ data 
was aligned to the human reference genome (hg19/GRCh37) 
using DRAGEN, which provides high-speed and accurate read 
mapping, variant calling, and quality control. Variant detection 
included single nucleotide variants (SNVs), insertions, and dele-
tions. The resulting variant call format (VCF) files were subjected 
to further annotation and interpretation within Geneyx, utilizing 
databases such as ClinVar, dbSNP, and OMIM. Predictive tools, 
including PolyPhen-2, SIFT, and CADD, were employed to as-
sess variant pathogenicity. Variants were classified according to 
American College of  Medical Genetics and Genomics (ACMG) 
guidelines, focusing on those relevant to endometrial cancer. 

Variant annotation and interpretation 

Variants were classified based on the ACMG guidelines [17]. Only 
variants categorized as pathogenic, likely pathogenic, or variants 
of  uncertain significance were included in the final analysis.

An array of  databases and bioinformatics tools were employed 
to facilitate the analysis. ClinVar was also utilized for clinical 
significance annotations, especially regarding the pathogenicity 
of  genetic variants. To incorporate known variant information, 
dbSNP was used. Functional impact predictions were carried out 
using PolyPhen-2, SIFT, and CADD. The Online Mendelian In-
heritance in Man (OMIM) database was also consulted to gather 
information on gene-disease associations.

Statistical analysis  

Descriptive statistics were used to summarize patient demo-
graphics and variant distributions. Fisher’s exact test was applied 
to compare the frequency of  variants between germline and so-
matic samples. A P value of  less than 0.05 was considered sta-
tistically significant. Variants with high pathogenicity scores and 
significant clinical correlations were prioritized for further func-
tional validation. The results were interpreted in the context of  
their potential impact on endometrial cancer pathogenesis and 
their relevance for clinical management and genetic counseling..
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Comparative analysis

Regarding the number of  variants, somatic samples exhibited a 
higher average number of  variants compared to germline sam-
ples, reflecting the increased genomic instability and mutation 
rates in tumor cells. The median number of  somatic variants 
was 31 per patient (IQR: 17-43), significantly higher than the 
median of  24 germline variants per patient (IQR: 18-42). The 
mean difference between the two groups was 5.6 variants (95% 
CI, 4.8–6.4). This difference was statistically significant (P = 0.03, 
Mann-Whitney U test), highlighting the elevated mutational bur-
den in somatic cells.

The comparative analysis of  germline and somatic vari-
ants revealed a diverse range of  mutation types, with notable 
differences in their frequencies. Deletions (del) were the most 
common mutation type in germline and somatic samples, 
comprising 42.25% and 41.29% of  the variants, respectively. 
Duplications (dup) were more prevalent in germline samples, 
accounting for 27.96% of  the variants, compared to 18.91% 
in somatic samples. Single nucleotide polymorphisms (SNPs) 
were significantly more frequent in somatic samples, represent-

ally, the BRCA2 c.10095_10096insT (p.Ser3366fs*1) variant was 
found in a patient, and the frameshift is predicted to have a high 
impact on the protein. 

Our analysis of  somatic variants in patients with endometrial 
cancer revealed several key mutations that could have significant 
implications for understanding the disease and guiding treat-
ment. Among the top 20 most frequent somatic variants, the 
TP53 gene was identified as the most commonly mutated, with 
the c.993+408_993+409dup variant present in 69.23% of  the 
patient cohort. This finding aligns with the established role of  
TP53 as a tumor suppressor and its frequent mutation in various 
cancers, including endometrial cancer.

Additionally, mutations in the MLH1 gene, specifically the 
c.1409+1224_1409+1227del variant, were also prevalent, ap-
pearing in 69.23% of  patients. The high frequency of  MLH1 
mutations is particularly noteworthy given their association with 
microsatellite instability (MSI) and Lynch syndrome, which are 
known to contribute to endometrial carcinogenesis. Identifying 
PIK3R1 mutations in 61.54% of  patients further emphasizes the 
role of  the PI3K/AKT/mTOR pathway in this cancer type, 
supporting the rationale for ongoing research into targeted ther-
apies that inhibit this pathway.

Figure 1. Distribution of germline variants by gene in patients 
with endometrial cancer

Figure 2. Distribution of somatic variants by gene in patients 
with endometrial cancer

Table 1. Distribution of the top 20 germline variants by frequency 
in patients with endometrial cancer

Gene Variant Number of 
Patients

Frequency 
%

TP53 c.*772del 13 100

TP53 c.376-160_376-158del 13 100

TP53 c.993+408_993+409dup 13 100

PMS2 c.706-4del 9 69.23

MSH6 c.3557-4dup 9 69.23

BRCA1 c.4987-196dup 9 69.23

MSH6 c.4002-10del 9 69.23

MLH1 c.1039-33_1039-26del 9 69.23

MLH1 c.1409+1224_1409+1227del 9 69.23

MLH1 c.678-241_678-234dup 8 61.54

BRCA2 c.7007+2436dup 7 53.85

PTEN c.*1458_*1459del 6 46.15

MSH2 c.1277-3287_1277-3286del 6 46.15

BRCA1 c.441+64del 6 46.15

BRCA1 c.81-3498del 6 46.15

BRCA1 c.441+36_441+49del 5 38.46

MSH2 c.1276+132del 5 38.46

BRCA1 c.*872_*873del 5 38.46

MSH2 c.942+26_942+29del 5 38.46

BRCA1 c.671-248_671-246dup 5 38.46
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ants were the most prevalent in germline and somatic samples, 
constituting 76.9% and 64.93% of  the total variants, respec-
tively. A notable difference was observed in the frequency of  
frameshift mutations, which were entirely absent in germline 
samples but accounted for 2.74% of  the somatic variants. Sim-
ilarly, non-synonymous coding variants were more common in 
somatic samples, representing 4.48% of  the variants, compared 
to just 0.61% in germline DNA. Additionally, stop-gained mu-
tations were present exclusively in somatic samples at a frequen-
cy of  1.24%, while a single frame shift-stop-gained mutation 
was detected in the germline at a frequency of  0.30%.

Variants affecting splice site regions were also more frequently 
observed in somatic samples, with 8.96% of  variants falling into 
this category, compared to 6.08% in germline samples. UTR 
(untranslated region) variants were fairly consistent between the 
two groups, with UTR 3' prime variants comprising 10.64% 
of  germline and 9.70% of  somatic variants. Interestingly, start-
gained mutations were identified in somatic samples (0.50%) 
but were absent in germline DNA. These findings highlight the 
differential mutation landscapes between germline and somatic 
genomes in endometrial cancer, emphasizing the importance of  
somatic mutations in the tumorigenic process.

Pathway analysis revealed distinct patterns of  involvement in 
germline and somatic variants. Germline variants were primar-
ily associated with DNA repair pathways, highlighting the in-
herited predisposition to cancer through compromised genomic 
maintenance mechanisms. Somatic variants, on the other hand, 
were enriched in pathways related to cell cycle regulation, sig-
nal transduction, and chromatin remodeling, indicating the ac-
quired mutations that drive tumor progression and metastasis.

Pathogenic variants  

The analysis of  WES data from the 13 patients with endometrial 
cancer revealed several key pathogenic variants in the somatic 
samples. These variants were identified in genes known to play 
critical roles in tumorigenesis and cancer progression. 

The analysis of  somatic pathogenic variants identified several 
key mutations in genes commonly associated with endometrial 
cancer. Among the detected variants, the PIK3CA gene harbored 
the c.3140A>G mutation, resulting in the p.His1047Arg amino 
acid change, which is classified as likely pathogenic. This specific 
variant is known for its role in activating the PI3K/AKT signal-
ing pathway, contributing to tumorigenesis.

KRAS mutations were also prevalent, with two notable vari-
ants: c.35G>T (p.Gly12Val), categorized as likely pathogenic, 
and c.38G>A (p.Gly13Asp), which is classified as pathogenic. 

ing 37.81% of  the total variants, while they constituted 28.88% 
in germline DNA. Insertions (ins) were relatively rare in both 
groups but were slightly more frequent in somatic samples at 
1.99%, compared to 0.91% in germline samples (Table 3).

The germline and somatic variants analysis revealed distinct 
mutation patterns across different mutation types. Intronic vari-

Table 2. Distribution of the top 20 somatic variants by frequency 
in patients with endometrial cancer

Gene Variant Number of 
Patients

Frequency 
%

TP53 c.993+408_993+409dup 9 69.23

MLH1 c.1409+1224_1409+1227del 9 69.23

BRCA1 c.81-3498del 8 61.54

PIK3R1 c.335-21006dup 8 61.54

TP53 c.376-160_376-158del 8 61.54

BRCA1 c.441+64del 7 53.85

PIK3R1 c.917-3329A>G 7 53.85

MSH6 c.4002-10del 6 46.15

BRCA1 c.*872_*873del 6 46.15

BRIP1 c.*2815_*2816insAAGAAA 6 46.15

TP53 c.*772del 6 46.15

BRCA1 c.441+36_441+49del 6 46.15

PMS2 c.706-5_706-4del 5 38.46

TP53 c.376-161_376-158del 5 38.46

MSH6 c.3557-4dup 5 38.46

BRIP1 c.1140+91dup 5 38.46

PMS2 c.706-5del 5 38.46

MSH2 c.1276+132del 5 38.46

PIK3R1 c.503-93_503-92del 5 38.46

PIK3CA c.1540-55C>T 5 38.46

Table 3. Distribution of germline and somatic variants by type in endometrial cancer cohort

Variant Type Germline % Somatic % Total

Deletion 139 42.25% 166 41.29% 305

Duplication 92 27.96% 76 18.91% 168

Insertion 3 0.91% 8 1.99% 11

Single Nucleotide Variant 95 28.88% 152 37.81% 247

Total 329 402 731
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given MLH1's role in maintaining genomic integrity, and their 
identification in this study underscores the potential for novel dis-
ruptions in mismatch repair contributing to tumorigenesis.

PIK3R1, involved in the PI3K/AKT signaling pathway, exhib-
ited the c.1669C>T (p.Arg557*) stop-gained mutation and the 
c.1732_1733del (p.Asp578fs*23) frameshift deletion. Both variants 
are classified as VUS, but their predicted impact suggests signifi-
cant functional impairment, potentially affecting pathway signal-
ing and contributing to cancer cell survival and proliferation.

Finally, PTEN, another well-known tumor suppressor gene, 
was found to have a novel frameshift deletion, c.923_936del 
(p.Arg308fs*12), classified as VUS. Given PTEN's role in nega-
tively regulating the PI3K/AKT pathway, this mutation could 
have profound effects on cellular growth and apoptosis regula-
tion, further implicating PTEN loss as a driver in endometrial 
cancer.

These findings reveal a spectrum of  novel somatic variants 
in genes critical to cancer development, many of  which carry 
high-severity predictions. While classified as variants of  uncertain 
significance, the potential impact of  these mutations on protein 
function and their involvement in key cancer-related pathways 
suggest they may play important roles in the pathogenesis of  en-
dometrial cancer. Further functional studies will be necessary to 
elucidate their exact contribution to tumorigenesis.

DISCUSSION

This comprehensive analysis of  whole exome sequencing data 
from 13 patients with endometrial cancer reveals significant in-
sights into the genetic landscape of  the disease, highlighting both 
somatic and germline mutations and their implications for tumor 
development and progression.

This study provides a comprehensive comparison of  somatic 
and germline mutations in endometrial cancer using WES data 
from both tumor and blood samples. A total of  731 variants were 
identified across 13 patients, with 329 germline and 402 somatic 
variants, reflecting the distinct mutation landscapes between in-
herited and acquired genetic alterations in endometrial cancer. 
A key finding of  this study is the significantly higher number of  
somatic variants compared to germline variants, with a median 
of  31 somatic mutations per patient compared to 24 germline 
mutations. This difference underscores the genomic instability 
characteristic of  tumor cells, which leads to a higher mutational 
burden and contributes to cancer progression. The statistical sig-
nificance of  this difference (P = 0.03) highlights the importance 
of  considering somatic mutations in the context of  endometrial 
cancer's pathogenesis. The mutation types also varied between 
germline and somatic samples. Deletions were the most common 
mutation type in both groups; however, single nucleotide poly-
morphisms were significantly more frequent in somatic samples, 
suggesting that point mutations play a more prominent role in 
tumorigenesis. Conversely, duplications were more prevalent in 
germline samples, indicating that these may be more related to 
inherited cancer risk.

Furthermore, the study identified distinct pathways affected by 
germline and somatic mutations. Germline mutations were pre-
dominantly found in DNA repair genes, consistent with the role 
of  inherited mutations in predisposition to endometrial cancer 
through compromised genomic maintenance. In contrast, somat-
ic mutations were enriched in genes involved in cell cycle regula-

These mutations are critical drivers of  oncogenesis, particular-
ly through the MAPK/ERK signaling pathway, influencing cell 
proliferation and survival.

PTEN, a tumor suppressor gene frequently mutated in endo-
metrial cancer, showed multiple pathogenic variants, including 
c.376G>T (p.Ala126Ser) and c.389G>A (p.Arg130Gln), both 
classified as likely pathogenic and c.203A>G (p.Tyr68Cys), 
which is classified as pathogenic. These mutations are significant 
as they result in the loss of  PTEN’s tumor-suppressive function, 
leading to uncontrolled cellular growth.

Lastly, a mutation in TP53, another critical tumor suppressor 
gene, was identified as c.733G>A, leading to the p.Gly245Ser 
change, classified as likely pathogenic. Mutations in TP53 are 
associated with a wide range of  cancers and are indicative of  
poor prognosis due to their role in disrupting DNA repair and 
apoptosis mechanisms.

These findings underscore the complexity and heterogeneity 
of  somatic mutations in endometrial cancer, with a combination 
of  both likely pathogenic and pathogenic variants in genes cru-
cial to cancer development and progression. 

Novel variants  

The WES analysis identified several novel variants not previously 
associated with endometrial cancer. These novel variants, found 
in both germline and somatic samples, potentially contribute to 
the pathogenesis of  the disease. 

Among the findings, we identified a germline variant, previ-
ously unreported in dbSNP, in the MSH2 gene (c.2005+61dup) 
found in one patient. This variant is intronic and is predicted to 
have a low-severity impact on the protein. 

Additionally, in this study, several novel somatic variants were 
identified in key genes associated with endometrial cancer, many 
of  which have not been previously reported or classified in major 
databases like ClinVar or dbSNP. These variants were predom-
inantly frameshift deletions and nonsense mutations, leading to 
significant alterations in protein function, all classified with high 
severity.

ARID1A, a tumor suppressor gene frequently mutated in var-
ious cancers, exhibited multiple novel variants. Among these, 
the c.3189_3190delinsC variant was identified, leading to a 
p.Leu1064fs frameshift and classified as a variant of  uncertain sig-
nificance (VUS). Similarly, the c.3745_3757del (p.Gly1249fs16) 
and c.5548del (p.Asp1850fs33) deletions were detected, both 
causing frameshift mutations. Another notable ARID1A variant, 
c.5320G>T (p.Glu1774*), resulted in a premature stop codon 
and was also classified as VUS, but its impact as a stop-gained 
mutation suggests potential loss of  function. These findings high-
light the recurrent involvement of  ARID1A in endometrial car-
cinogenesis, with these novel variants potentially contributing to 
tumor progression through disruption of  chromatin remodeling.

BRIP1, another gene implicated in DNA repair, was found 
to harbor the c.104_108del (p.Gly35fs*32) variant, leading to a 
frameshift and premature truncation of  the protein. This novel 
variant was classified as VUS, but given the role of  BRIP1 in 
maintaining genomic stability, its high-severity classification sug-
gests a likely impact on protein function.

MLH1, a critical gene in the DNA mismatch repair path-
way, also showed novel variants, including the c.2113_2141del 
(p.Pro705fs*8) frameshift mutation and the c.514G>A (p.
Glu172Lys) missense mutation, the latter being classified as likely 
pathogenic by ClinVar. These mutations are of  particular interest 
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treatment. Although these novel variants are currently classified 
as variants of  uncertain significance, their potential impact on 
protein function suggests that they could be important biomark-
ers for predicting treatment response or resistance. For example, 
loss of  function in ARID1A, as seen with the c.5320G>T (p.
Glu1774*) variant, has been associated with sensitivity to EZH2 
inhibitors, providing a potential therapeutic avenue that could be 
explored in future clinical trials [20].

The integration of  germline and somatic mutation data into 
clinical decision-making processes is essential for advancing per-
sonalized medicine in endometrial cancer. The ability to tailor 
treatment strategies based on a patient's unique genetic profile 
enhances the effectiveness of  therapies and minimizes the risk of  
adverse effects. For instance, patients with germline mutations in 
mismatch repair genes may benefit from immunotherapy with 
PD-1 inhibitors, such as pembrolizumab, which has been shown 
to be effective in tumors with high microsatellite instability (MSI) 
[21]. Furthermore, identifying novel somatic variants that are 
not yet well-characterized presents an opportunity for further re-
search and the potential development of  new targeted therapies. 
These findings suggest that endometrial cancer may be driven by 
a wider array of  genetic alterations than previously understood, 
and expanding the scope of  genetic testing could lead to the dis-
covery of  additional actionable mutations.

The trend towards comprehensive genomic profiling in cancer 
care will likely continue, with whole exome sequencing playing a 
central role in identifying known and novel mutations. The use of  
WES to simultaneously analyze germline and somatic mutations 
within the same cohort, as demonstrated in this study, represents 
a significant advancement in understanding the full spectrum 
of  genetic alterations involved in endometrial cancer. This ap-
proach not only provides a more complete picture of  the disease 
but also opens the door to new therapeutic possibilities that could 
transform patient care and highlights the critical importance of  
integrating genomic data into the clinical management of  endo-
metrial cancer. By identifying key mutations and novel variants, 
this research paves the way for more personalized and effective 
treatment strategies, ultimately improving outcomes for patients 
with this challenging disease.

The findings from this study align with and expand upon the 
current understanding of  the genetic landscape of  endometrial 
cancer as reported in the literature. The identification of  somat-
ic mutations in key oncogenes and tumor suppressor genes such 
as PIK3CA, KRAS, PTEN, and TP53 is consistent with previous 
studies that have highlighted the central role of  these mutations 
in endometrial cancer pathogenesis [10,11]. For example, the 
PIK3CA mutation c.3140A>G (p.His1047Arg) identified in this 
study is one of  the most frequently reported mutations in endo-
metrial cancer and has been extensively documented as a driver 
of  the PI3K/AKT pathway, contributing to tumorigenesis and 
cancer progression [11]. Similarly, KRAS mutations, particularly 
the c.35G>T (p.Gly12Val) variant, have been recognized in a va-
riety of  cancers, including endometrial cancer, where they play a 
significant role in oncogenic signaling [11].

The PTEN and TP53 mutations identified in this study also 
corroborate findings from previous research. PTEN mutations, 
such as the c.203A>G (p.Tyr68Cys) variant identified here, 
are known to result in the loss of  tumor-suppressive functions, 
thereby facilitating uncontrolled cell proliferation. This finding 
is consistent with the established role of  PTEN in endometrial 
carcinogenesis, where it is frequently mutated, particularly in en-
dometrioid subtypes of  the disease [22,23]. The TP53 mutation 

tion, signal transduction, and chromatin remodeling, highlight-
ing their role in the acquired traits that drive tumor progression.

Several key pathogenic variants were identified in somatic 
samples, including mutations in well-known cancer-associated 
genes such as PIK3CA, KRAS, PTEN, and TP53. These muta-
tions are critical drivers of  oncogenesis, influencing pathways like 
PI3K/AKT and MAPK/ERK, which are integral to cell prolif-
eration, survival, and tumor growth. Importantly, the study also 
identified novel somatic variants in genes like ARID1A, BRIP1, 
MLH1, PIK3R1, and PTEN, many of  which have not been pre-
viously reported or classified. Although these novel variants are 
currently of  uncertain significance, their high severity predictions 
and involvement in key cancer-related pathways suggest that they 
may contribute significantly to the pathogenesis of  endometrial 
cancer.

These findings collectively advance our understanding of  the 
genetic landscape of  endometrial cancer, illustrating the distinct 
and overlapping roles of  germline and somatic mutations in the 
disease. The identification of  novel variants further underscores 
the complexity of  the genetic alterations involved and highlights 
the need for continued research to fully elucidate their roles in 
cancer development and progression. There are significant clini-
cal implications for the diagnosis, management, and treatment of  
endometrial cancer, particularly in personalized medicine. The 
identification of  both germline and somatic mutations provides 
a comprehensive understanding of  the genetic underpinnings of  
the disease, which is crucial for developing targeted therapies and 
improving patient outcomes.

The presence of  germline mutations in DNA repair genes, 
such as MLH1, MSH2, and BRCA2, underscores the importance 
of  genetic testing for hereditary cancer syndromes like Lynch 
syndrome and Cowden syndrome in patients diagnosed with en-
dometrial cancer. Identifying these germline mutations can help 
stratify patients based on their genetic risk, enabling early de-
tection and preventative measures for patients and their at-risk 
family members. Moreover, the detection of  novel germline vari-
ants, such as the previously unreported MSH2 c.2005+61dup, 
highlights the need for ongoing research and updates to genetic 
screening panels to incorporate emerging variants that may in-
fluence cancer risk.

The discovery of  somatic mutations in key oncogenes and 
tumor suppressor genes, including PIK3CA, KRAS, PTEN, and 
TP53, has direct implications for tumor profiling and the devel-
opment of  personalized treatment strategies. For example, the 
PIK3CA c.3140A>G (p.His1047Arg) mutation is known to acti-
vate the PI3K/AKT pathway, which is a critical driver of  onco-
genesis in endometrial cancer. Targeting this pathway with PI3K 
inhibitors, such as alpelisib, which has shown efficacy in other 
cancers, represents a promising therapeutic approach for patients 
harboring this mutation [18].

Similarly, KRAS mutations, particularly the pathogenic 
c.35G>T (p.Gly12Val) variant identified in this study, are well-
known drivers of  cancer and are associated with resistance to 
certain therapies, such as anti-EGFR monoclonal antibodies. 
However, emerging therapeutic options targeting KRAS, includ-
ing KRAS G12C inhibitors, offer new hope for patients with these 
mutations, and ongoing clinical trials may soon provide new stan-
dard-of-care options [19].

The identification of  novel somatic variants, particularly in 
genes like ARID1A and MLH1, which play critical roles in chro-
matin remodeling and DNA mismatch repair, respectively, fur-
ther emphasizes the need for personalized approaches in cancer 
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evidence that ARID1A loss is a critical event in the development 
of  endometrial cancer, particularly in its more aggressive forms.

Similarly, the discovery of  novel variants in BRIP1 and MLH1 
underscores the importance of  DNA repair mechanisms in main-
taining genomic integrity and preventing cancer. The BRIP1 
c.104_108del (p.Gly35fs*32) variant, which results in a frame-
shift and subsequent loss of  function, may compromise the cell’s 
ability to repair DNA double-strand breaks, leading to increased 
mutational burden and cancer risk. MLH1, a gene central to 
the mismatch repair pathway, exhibited the novel c.514G>A 
(p.Glu172Lys) variant, which was classified as likely pathogenic. 
This variant’s potential to impair MLH1 function further sup-
ports its role in predisposing individuals to Lynch syndrome-asso-
ciated cancers, including endometrial cancer. The identification 
of  such novel variants in DNA repair genes adds to the under-
standing of  how inherited and somatic mutations can synergize 
to drive cancer progression.

Another significant contribution of  this study is the identifi-
cation of  novel variants in PIK3R1 and PTEN, both of  which 
are integral to the PI3K/AKT signaling pathway. The PIK3R1 
c.1669C>T (p.Arg557*) and PTEN c.923_936del (p.Ar-
g308fs*12) mutations introduce premature stop codons, likely re-
sulting in truncated proteins with diminished or absent function. 
Given the role of  PI3K/AKT signaling in regulating cell growth, 
survival, and metabolism, these novel mutations may contribute 
to the dysregulation of  this pathway, promoting uncontrolled cell 
proliferation and resistance to apoptosis. The identification of  
these variants highlights the potential for novel therapeutic tar-
gets within the PI3K/AKT pathway, which could be exploited in 
future treatment strategies for endometrial cancer. In addition to 
these findings, the study also identified a novel germline variant 
in MSH2 (c.2005+61dup), which has not been previously report-
ed in major databases like dbSNP. Although intronic and predict-
ed to have a low severity impact, this variant may still play a role 
in the splicing regulation of  MSH2, thereby contributing to the 
mismatch repair deficiency characteristic of  Lynch syndrome. 
This discovery suggests that even variants outside the canonical 
coding regions can have significant implications for cancer risk 
and should be considered in comprehensive genetic screening.

Overall, the novel contributions of  this study lie not only in 
the identification of  previously unreported variants but also in 
the potential biological significance of  these mutations. By ex-
panding the catalog of  genetic alterations associated with endo-
metrial cancer, this research provides new avenues for exploring 
the molecular mechanisms underlying the disease. Furthermore, 
these findings may inform the development of  novel diagnostic 
tools and targeted therapies, ultimately contributing to more per-
sonalized and effective treatment approaches for patients with 
endometrial cancer.

Limitations  

While this study offers valuable insights into the genetic land-
scape of  endometrial cancer by comparing germline and somatic 
mutations, it has several limitations. The small sample size of  13 
patients may not fully capture the genetic diversity of  the disease, 
necessitating larger studies to validate these findings. Addition-
ally, whole exome sequencing focuses only on coding regions, 
missing potential alterations in non-coding regions that could be 
critical to cancer development. The classification of  several novel 
variants as variants of  uncertain significance further highlights 
the need for functional validation to understand their impact on 

c.733G>A (p.Gly245Ser), which disrupts the DNA-binding do-
main of  the TP53 protein, aligns with existing literature that links 
TP53 mutations to poor prognosis and resistance to therapy in 
various cancers, including endometrial cancer [24].

The identification of  novel variants in this study adds a new di-
mension to the existing body of  knowledge. The ARID1A variants 
identified, including the c.3189_3190delinsC (p.Leu1064fs) and 
c.5320G>T (p.Glu1774*) mutations, highlight the ongoing rel-
evance of  chromatin remodeling genes in endometrial cancer, a 
finding that has been previously reported but remains an area of  
active research. While ARID1A mutations are known to contribute 
to cancer through the disruption of  the SWI/SNF chromatin re-
modeling complex, the novel variants identified in this study sug-
gest that there may be additional, uncharacterized mechanisms by 
which ARID1A loss contributes to tumorigenesis [25].

The discovery of  novel variants in BRIP1, MLH1, and PIK3R1 
further challenges the current understanding and suggests that 
endometrial cancer may involve a broader array of  genetic al-
terations than previously recognized. For instance, the MLH1 
c.514G>A (p.Glu172Lys) variant classified as likely pathogenic 
in this study adds to the growing list of  mutations associated with 
mismatch repair deficiency, a key feature in Lynch syndrome-as-
sociated cancers. This supports the notion that comprehensive 
genomic profiling could reveal additional mutations that may 
contribute to the cancer's etiology and progression, potentially 
leading to new biomarkers for early detection and novel ther-
apeutic targets. However, some findings challenge existing as-
sumptions, particularly in the context of  variants of  uncertain 
significance. The high frequency and severity of  novel VUS, 
particularly in genes like ARID1A and PTEN, suggest that these 
variants may play a more critical role in endometrial cancer 
than currently understood. This underscores the need for fur-
ther functional studies to validate the impact of  these variants 
on protein function and cancer progression, as well as to reassess 
their classification as VUS. This study confirms much of  what 
is known about the genetic drivers of  endometrial cancer while 
also introducing novel findings that may challenge and expand 
the existing literature. The identification of  both well-established 
and novel mutations underscores the genetic complexity of  endo-
metrial cancer and highlights the potential for future research to 
further elucidate the role of  these variants in cancer development 
and patient outcomes.

This study makes several significant contributions to under-
standing the genetic basis of  endometrial cancer, particularly by 
identifying novel variants that have not been previously associ-
ated with the disease. These novel variants, found in key genes 
involved in tumor suppression, DNA repair, and oncogenic sig-
naling, provide new insights into the molecular mechanisms that 
may drive endometrial carcinogenesis.

Among the most noteworthy findings are the novel somatic 
variants identified in the ARID1A gene. ARID1A, a critical com-
ponent of  the SWI/SNF chromatin remodeling complex, has 
been frequently implicated in various cancers, including endo-
metrial cancer [26,27]. The novel frameshift deletions and non-
sense mutations identified in this study, such as c.3189_3190de-
linsC (p.Leu1064fs) and c.5320G>T (p.Glu1774*), introduce 
premature stop codons that likely result in the loss of  ARID1A 
function. Given ARID1A’s role in maintaining chromatin struc-
ture and regulating gene expression, these mutations may disrupt 
normal cell cycle control and promote tumorigenesis. The iden-
tification of  these variants contributes to the growing body of  
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protein function and cancer progression. Furthermore, the exclu-
sive focus on patients of  European descent limits the applicabili-
ty of  the findings to more diverse populations, underscoring the 
need for studies involving ethnically diverse cohorts.

Future research should address these limitations by expanding 
the study to larger, more diverse patient cohorts and incorpo-
rating whole-genome sequencing (WGS) to explore non-coding 
regions. Functional validation of  novel variants through in vitro 
and in vivo studies is essential to determine their role in cancer 
progression and potential as therapeutic targets. The findings un-
derscore the importance of  developing targeted therapies based 
on specific mutational profiles, particularly in the PI3K/AKT 
and MAPK/ERK pathways. By addressing these limitations, 
future studies can enhance our understanding of  endometrial 
cancer's genetic basis and contribute to the development of  more 
effective, personalized treatment strategies.

CONCLUSION
This study provides a comprehensive analysis of  the genetic al-
terations in endometrial cancer by examining both somatic and 
germline mutations through whole exome sequencing in a cohort 
of  13 patients. A total of  731 variants were identified, with 329 
being germline and 402 somatic, illustrating a higher mutational 
burden in somatic samples, indicative of  the genomic instability 
in tumor cells. The study underscores the critical roles of  inher-
ited and acquired mutations in the development and progression 
of  endometrial cancer. Germline mutations predominantly im-
pacted DNA repair pathways, emphasizing the importance of  
inherited predispositions in genes associated with Lynch syn-
drome and other hereditary cancer syndromes. On the other 
hand, somatic mutations were enriched in genes involved in cell 
cycle regulation, signal transduction, and chromatin remodeling, 
underlining their contribution to tumorigenesis and cancer pro-
gression.

The identification of  novel variants in genes such as ARID1A, 
BRIP1, MLH1, PIK3R1, and PTEN expands the understand-
ing of  the genetic basis of  endometrial cancer, suggesting that 
a broader spectrum of  mutations may contribute to the disease 
than previously recognized. These findings have significant im-
plications for clinical practice and personalized medicine. By 
analyzing both somatic and germline mutations, clinicians can 
better assess genetic risks and identify therapeutic vulnerabilities 
in individual patients. The identification of  actionable mutations 
in pathways like PI3K/AKT and MAPK/ERK highlights the 
potential for targeted therapies tailored to the specific genetic 
profile of  each patient. This dual focus on germline and somatic 
mutations enhances the understanding of  endometrial cancer's 
genetic landscape and opens up new possibilities for more pre-
cise diagnostic tools, risk assessment strategies, and personalized 
treatment approaches that could improve patient outcomes. 
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